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Department of Energy
Washington, D.C. 20585

Dear Colleague:

Enclosed is the Department of Energy's Final Environmental
Impact Statement for the electric transmission line which

would connect Sherbrooke, Quebec, and Comerford, New Hampshire,
This document, prepared in compliance with the National Envi-
ronmental Policy Act, addresses the environmental consequences
of the issuance of a Presidential Permit to the vermont Electric
Power Company (VELCO) for the line.

VELCO proposed a + 450 kilovolt, direct current circuit enter-
ing the U.S. near Norton, Vermont, crossing into New Hampshire,
and terminating at the Comerford generating station.

A Draft Environmental Impact Statement was issued in May 1983,
The comments on the draft and the Department's responses appear
in Appendix C.

Within the next few days, availability of this document will
be announced in the Federal Register. A period of 30 days
will ensue prior to a final decision on issuance of the permit,

If you have any questions, please contact:

Mr. Garet Bornstein

Office of Fuels Programs

Economic Reqgulatory Administration
Department of Energy

1000 Independence Avenue, S.W., Room GA-033
Washington, D.C. 20585

Telephone: (202)252-5935
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Robert J. Stern
Director
Office of Environmental Compliance
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Economic Regulatory Administration
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Electric Transmission Corporation
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Designation: Final Environmental Impact Statement

Abstract: This final environmental impact statement (FEIS) was prepared by
the Economic Regulatory Administration. The proposed action of the Department
of Energy is the gramting of a Presidential Permit for the construction,
connection, operation, and maintenance of 91 kilometers (57 miles) of trans-
mission line from the Comerford Substation in Monroe, New Hampshire, to the
U.S.-Canadian border in Norton, Vermont. The proposed facilities include an
DC/AC Converter Terminal at the southern terminus of the line and overhead
+450 kV DC lines with a design capacity of 2000 MW. The proposed project will
connect the Hydro-Quebec System with the New England Power Pool System for the
purpose of economic exchanges of power, increased reliability of power supply,
and decreased reliance upon imported oil as fuel for electric power generation
in New England. The principal environmental impacts of the construction and
operation of transmission facilities will be conversion of forestland within
the right-of-way to shrubland/grassland vegetation and visual impacts in
selected areas of Vermont and New Hampshire.







EXECUTIVE SUMMARY

The proposed action is the issuance of a Presidential Permit to the
Vermont Electric Power Company (VELCO) to construct, connect, operate, and
maintain the U.S. portion of a high-voltage, direct-current (DC) electric
transmission circuit extending from the Comerford Substation in Monroe,
New Hampshire, to a Hydro-Quebec substation near Sherbrooke, Quebec, Canada;
the U.S. portion of the line will cover a distance of approximately 91 km
(57 mi). The purpose of the proposed New England Interconnection is to pro-
vide reliable transmission for an interchange of electric power between the
Hydro-Quebec System and the New England Power Pool System (NEPOOL). It is
anticipated that this interchange will increase the reliability of the NEPOOL
System as well as decrease NEPOOL's dependence upon imported oil as a fuel for
generating electric power.

An electric utility or other entity proposing to build a transmission
line crossing a U.S. international border must obtain a Presidential Permit.
Regulatory decision-making at both the state and federal levels must comply
with environmental review laws. This environmental impact document on the
proposed project has been designed to meet the federal requirements of the
National Environmental Policy Act (NEPA).

The principal environmental impact of the proposed project will be the
clearing of about 500 ha (1200 acres) of forestland during construction. A
secondary impact from clearing will be accelerated erosion, which will be
small relative to that induced by ongoing timber harvesting in the area.
During the lifetime of the transmission facility, this cleared forest will be
maintained as low-growing shrubland or grassland. The clearing will amount to
less than 0.1% of the available forestland in the study area and will not
remove any areas of unique or important habitat. Because the area to be
cleared represents a minute amount of the forestland in the region, no serious
impacts to timber harvesting or wildlife populations are expected.

It is also anticipated that the transmission line will have unavoidable,
adverse visual impacts at several points along its route: at the U.S.-Canadian
border crossing, at several areas in the central stretches of the route, and
in the vicinity of Moore Reservoir near the southern terminus.

The proposed line was found to not pose a hazard to or seriously affect .
other components of human health and welfare in the project region.

Four principal alternative corridors for routing the interconnection were
considered: three in northeastern Vermont and one in northwestern New Hampshire.
The optimal routing was found to be the easternmost corridor through Vermont.

A comparison of the environmental impacts along alternative corridor routes
found none environmentally preferable to the preferred corridor.




Alternatives to the proposed interconnection that were evaluated include
purchase of power from other U.S. utilities, construction of new conventional
or unconventional generating capacity, use of decentralized energy sources,
and enhancement of conservation. In its analysis of the need for a power
interchange with Hydro-Quebec, the U.S. Department of Energy (DOE) incorporated
projected increases in power conservation and use of decentralized sources of
energy. Thus, it is unlikely that enhancement of these sources will preclude
the need for the interconnection. For DOE, the "no action" alternative would
be equivalent to denial of a Permit to the Applicant.

If DOE were to deny a Permit for the proposed interconnection, the
Applicant could implement an alternative action for obtaining the necessary
capacity to reduce its dependence upon imported oil. If the status quo were
maintained, NEPOOL would remain vulnerable to the changes in supply and cost
of oil. A1l alternative sources of power would entail environmental impacts
that may differ in quality from those associated with the interconnection.
The analysis found no alternative environmentally preferable to the proposed
interconnection.
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1. PURPOSE AND NEED

1.1 INTRODUCTION

On December 11, 1981, the Vermont Electric Power Company (VELCO) filed an
application with the U.S. Department of Energy (DOE) to install and maintain
an electric transmission line that will cross the U.S.-Canadian border. A
Presidential Permit is required for the construction, operation, and mainte-
nance of electrical transmission facilities that cross an international border
of the United States. The Secretary of Energy has the authority to grant or
deny such a Presidential Permit with concurrence by the Secretary of Defense
and the Secretary of State.

The 1ine will be jointly constructed by the Vermont Electric Transmission
Company (VETCO), a wholly owned subsidiary of VELCO, and the New England
Electric Transmission Corporation (NEET). It will be used to transmit electric
power between Hydro-Quebec in Canada and New England Power Pool (NEPQOOL) in
the United States. NEPOOL is a regional power pool of which VELCO is a member.

DOE has determined that issuance of a Presidential Permit for the proposed
international transmission line would be a major federal action that could
have a significant impact on the environment. Therefore, an Environmental
Impact Statement (EIS) is required. The DOE initially intended to process
concurrently this application and an application for a similar line in
New Hampshire submitted by NEET. One EIS covering the two applications was
planned. However, in the wake of a decision by the state of New Hampshire
Siting Evaluation Committee, which essentially denied state approval for the
main portion of the New Hampshire route (the lower 11 km [6.7 mi] and the
converter station site and design were common to both applications), NEET
officially withdrew its application from further DOE consideration on January 3,
1983. Therefore, the EIS covers the Vermont route option (i.e., the VELCO
application) as the proposed action. The New Hampshire route option (i.e.,
the original NEET application) is covered in the EIS as a principal alternative.

It is DOE's intent to consider issuing a Presidential Permit for the
proposed transmission line pending completion of an acceptable EIS and satis-
factory completion of other elements of the Permit review process.

1.2 PROJECT SUMMARY AND PURPOSE

The proposed transmission facilities will be a + 450,000 volt (V), bipolar,
overhead, direct-current (DC) line with a rating of 2000 megawatts (MW). The
United States terminus of the line will be in the town of Monroe, New Hampshire,
where a convertor station will be installed to convert the direct current to
alternating current (AC) and thus permit connection to the existing NEPOOL
AC transmission system. The line initially will be limited to transmitting
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690 MW of electric power because this will be the capacity of the convertor
stations. The project is described in greater detail in Section 2.1.

The purpose of the proposed facilities is to reduce the rate at which the
cost of electric power has increased in the New England area and to reduce the
dependence of this region on imported oil for the production of electric energy.
The proposed project will connect NEPOOL* with Hydro-Quebec (HQ), thereby
providing NEPOOL members with access to low-cost hydroelectric energy produced
by the HQ generating plants in the Province of Quebec, Canada. The Applicant
will obtain benefits from the proposed action through the execution of the
following agreements.

1.2.1 Energy Contract

Under the Energy Contract Agreement, HQ has established a target of
33 million MWh of surplus hydro energy sales to NEPOOL over an ll-year period.
Each 2/3 of the total energy estimated to be available would be prescheduled
on a monthly basis at a price equal to 80% of the NEPOOL weighted-average
fossil fuel cost. The remaining 1/3 would be made available on a hour-by-hour
basis and priced at 80% of the cost of NEPOOL energy that it would displace.

1.2.2 Energy Banking Agreement

According to the Energy Banking Agreement, NEPOOL will transmit energy to
HQ during NEPOOL off-peak hours when this energy is likely to come from the
lowest-cost, most-efficient generating units on the NEPOOL system. This will
allow HQ to save or "bank" its low-cost hydro energy for use during peak load
time when the energy would be returned to NEPOOL, thus reducing NEPOOL's need
to run some of its highest-cost, least-efficient, oil-fired generating units.
The fuel cost savings would be split 60% to NEPOOL and 40% to HQ for the first
six years. Thereafter, savings would be divided 50%-50%.

1.2.3 Interconnection Agreement

The Interconnection Agreement provides for the daily coordination of
operation between NEPOOL and HQ. There are five basic areas of coordination
covered by the agreement:

a. Economy Energy - This provides for the hour-by-hour sale of
nonemergency thermal energy for the purpose of replacing one
system's high-cost generating units with the other system's
lower-cost units.

*The Applicant belongs to the New England Power Pool (NEPOOL). NEPOOL mem-
bership is comprised of 64 utilities in the New England region. Nine of the
64 utilities are major investor-owned utilities, three are small investor-
owned utilities, and the remainder are municipals and co-ops (ER, Vol. 1--
Chapters I and II). NEPOOL is an operating entity within the Northeast
Power Coordinating Council (NPCC), which is one of nine regional reliability
councils in North America. Al1 planning, construction, and operation of
generating and transmission facilities is highly coordinated among NEPOOL
members. Generating units are centrally controlled, and NEPOOL members
share in the economies achieved through all pool ventures.
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b.  Operating Reserve - Each party to the agreement will maintain
adequate operating reserve, but may arrange to obtain these
reserves, if available, from the other party at a price.

C. Emergency Capacity and Energy - Each party agrees to make
available to the other party excess generating capacity and
energy during times of emergencies.

d. Maintenance and Development - Scheduled maintenance of existing
facilities and the development of new facilities will be coordinated.

e. Fuel Replacement Energy - Energy from renewable sources will be
sold to replace the energy derived from nonrenewable sources.
This energy is priced at 80% of the buyers' avoided costs.

The Energy Contract will provide the overwhelming majority of the economic
benefits that could accrue to the applicant through the execution of the above
agreements and construction of the proposed line.

1.3 COST-BENEFIT OF PROPOSED ACTION

The key factor determining the economic benefits of the proposed line is
the amount of surplus hydro energy that will be available for import from the
HQ system. Based on the agreements signed between HQ and NEPOOL, an average
of 3 million MWh per year for an ll-year period has been targeted for potential
sales to NEPOOL. The actual amount available in any year will be almost
completely dependent upon the load growth rate, the annual level of precipita-
tion, and the new facility construction program on the HQ system.

With this uncertainty in mind, the applicant has evaluated the economic
benefits of the proposed facilities for various levels of energy imports. In
the most optimistic case, 4.6 million MWh of surplus energy is imported from
HQ in each year of the agreement. This results in a 12-year, levelized annual
savings of $167.7 million in 1986 dollars. However, this analysis was
performed prior to the signing of the Energy Contract. In this analysis, the
price of the HQ energy was placed at 80% of the NEPOOL decremental (avoided)
costs. Under the terms of the newly signed Energy Contract, 2/3 of the energy
imported by NEPOOL will be priced at 80% of the NEPOOL weighted-average fossil
fuel cost and the remaining 1/3 at 80% of the decremental costs. This new
pricing schedule produces Tlevelized fuel cost savings of approximately
$233 million per year (1986 dollars) for the average 3 million MWh of imported
energy targeted in the new Energy Contract. This new pricing schedule would
produce approximately 40% greater fuel cost savings ($233 million vs.
$167 million) at only 2/3 of the import level assumed in the most optimistic
case studied by the applicant.

In a worst-case analysis, the applicant assumed that no surplus energy
would be available from HQ for the duration of the agreement (11 years).
Under these circumstances, economic benefits would be achieved primarily
through the Energy Banking agreement. This case produces fuel cost savings of
$32.6 million per year on a levelized basis (1986 dollars). DOE staff has
reviewed the NEPOOL on-peak/off-peak fuel cost differentials. The anticipated
fuel cost savings derived from energy banking appear to be consistent with the
available data.
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The latest cost estimate for the subject transmission facilities appears
in the ER as $151 million (1986 dollars). Table 1.1 (supplementary data
submitted by the applicant) shows the assumptions used by the applicant in
performing the economic analysis. DOE staff has reviewed these and feels that
they reasonably represent the cost function associated with the installation
of the proposed facilities.

The one exception is in the area of fossil fuel price escalation. The
applicant has chosen to use 11% per year through 1990, and 9% thereafter.
Although it is extremely difficult to project the cost of foreign oil and
other fossil fuels, the current market conditions tend to make these estimates
appear high.

However, with the levelized annual cost of the project being $23.8 million
(ER, Vol. 1--p. 12) and the targeted figure of 3 million MWh as an assumed
import level, oil prices for the NEPOOL system would have to fall well below
$20 per barrel before the economic benefits of the new line would become
marginal. Current NEPOOL oil prices are approximately $30/barrel.

From the above analysis, it appears as though the proposed action will
prove to be a sound economic venture. In actuality, the benefits could be
considerably higher than stated by the applicant because in the "best" case of
4.6 million MWh (and in the updated 3.0 million MWh case) it was assumed that
no energy banking would take place concurrently with the purchase of surplus
hydro energy. In all likelihood in a typical year, there would be some level
of attractively priced surplus energy supplied by HQ coupled with some amount
of energy banking.

In the opinion of DOE staff, the assumptions made by the applicant in
support of the economic analysis are conservative enough for the proposed
action to achieve the desired economic benefits over a wide range of variation
in study parameters.

1.4 RESOURCE PLAN AND SUPPLY REQUIREMENTS

The applicant is a member of NEPOOL and as such it is relevant to consider
the supply and demand situation on a NEPOOL basis.

As shown in Table 1.2, the NEPOOL region is heavily dependent upon 0il
(mostly foreign) for the production of electric energy. In 1981, 50% of all
electricity generated in the New England area was produced by burning oil.
However, by 1990, this value will be reduced to 29% of all generation. This
will be accomplished by (1) the planned installation of almost 3500 MW of
nuclear capacity, (2) the conversion of approximately 2400 MW of oil-fired
generation to coal-fired operation, and (3) the installation of a 568-MW
coal-fired generating unit.

The projected level of 1990 oil-fired generation cited above (29% of
total generation) represents approximately 50 million barrels* (ER, Vol. 1--
p. 24) of 0il required to produce electric energy. This quantity of oil at

*This value has been reviewed by DOE staff and appears reasonable.
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Table 1.1. Assumptions Used in the Economic Analysis for the
NEPOOL/Hydro-Quebec Interconnection

Capital Costs Millions of 1986 $
Vermont line (incl. AFUDC) 50.1

New Hampshire costs (incl. Tine, 101.0
converter, AFUDC, and
AC reinforcements)

TOTAL 151.1
Financing Ratio Interest
Debt 90% at 12% = 10.8%
Equity 10% at 16% = 1.6%
Return 12.4%
Present Worth Rate 12.4%

Depreciation

Book Tlife 30 years
Tax life 15 years
Federal Income Tax Rate 46%

State Tax Rates

Property Tax Rate

0&M
Line
Substation
Escalation
0&M
Property tax
Fossil fuel

Construction

Income Tax - 7.5%

Business Profits - 0

Based on local rates

0.5% of gross plant
4.0% of gross plant

9% per year
2.7% per year

11% per year through 1990;
9% thereafter

9% per year
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NEPOOL Generating Mix

Installed Generating Capacity (Winter)

1981 Actualt!

1990 Projectedt!

MW % MW %
0il 13,023 61 10,796 44
Coal 1,129 5 3,288 13
Nuclear 4,314 20 7,769 31
Hydro 2,932 14 2,985 12
Other - - 70 -
TOTAL 21,398 100 24,908 100
Electrical Energy Generation
1981 Actualtl 1990 Projectedt?
Millions MwWh % Millions MWh %
0i1%3 42.1 50 36.0 32
(32.0) (29)
Coal 4.5 5 20.0 18
Nuclear 25.8 31 50.0 44
Hydrot4 4.4 5 4.0 4
Purchases
and other 7.4 9 2.0 2
. _ (6.0) _(6)
TOTAL 84.2 100 112.0 100

t1  Source: Electric Power Supply and Demand: 1982-1991
(N. Am. Elec. Reliabil. Counc. 1982).

t2  Source: ER (Vol. 1--Exhibit 1-2). These values
represent projected generation for each fuel type
if the proposed interconnection is not installed;
the values in parentheses represent projected
generation if the proposed interconnection is
installed.

t3  Includes small amounts of gas burned as secondary
fuels in non-steaming units.

4 Values shown are net of pumped hydro pumping losses.
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today's price would cost over $1.5 billion. The proposed interconnection is
expected to reduce the 29% value to 25% of total generation, thereby effecting

a 14% reduction (7 million barrels in 1990) in total New England oil consumption
in the electric utility sector.

DOE staff feels that this level of reduction could be achieved* through
the importation of the 3 million MWh of surplus hydro energy targeted by HQ
(see Section 1.2.1, Energy Contract) and an additional 1.5 million Mwh of
oil-fired generation displaced through energy banking.

In addition to reducing the NEPOOL oil dependence, the above capacity
addition plans will create reserve margins ranging from 35% to 50% during the
winter peak seasons from 1983 to 1990 (N. Am. Elec. Reliab. Counc. 1982).
(Reserve margins are defined as the difference between planned resources and
peak demand, expressed as a percentage of peak demand.) A typical range for
desired reserve margins is 15% to 25%. However, various utility system charac-
teristics such as average generating unit size, number of units, unit availa-
bilities, and other factors cause the levels of reserve required for adequate
reliability to vary considerably from system to system. The projected range
of capacity reserve margins for the NEPOOL system cannot be construed as
either adequate or excessive without further detailed studies.

One of the major factors affecting oil consumption in the New England
region will be the rate of load growth. The applicant predicts a 2.6% annual
compound growth rate in peak demand and a 2.7% growth rate in energy require-
ments for the period 1982-1996. This compares favorably with the 2.3% energy
growth rates projected for the New England region by Data Resources, Inc., in
the spring of 1982.

*0i1-fired generation is operated in New England for most if not all hours
of the day. Any imported power would displace almost 100% oil no matter
what time of the day it was received. The conversion rate is based on
average generating unit heat rates of 10,000 BTU/kWh and heating value of
0il averaging 6 million Btu/barrel.
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2. PROPOSED ACTION AND ITS ALTERNATIVES

2.1 PROPOSED ACTION

The proposed action is the issuance of a Presidential Permit for the
construction of an international interconnection for the purpose of exchanging
electric power. The transmission line will be a bipolar, direct-current (DC)
1ine designed to operate at +450 kV. The line will extend from the U.S.-
Canadian border in the town of Norton, Vermont, to a station in the town of
Monroe in northern New Hampshire--a distance of about 91 km (57 mi), with
right-of-way encompassing about 530 ha (1300 acres). The transmission line
will terminate at each end in a converter terminal. The purpose of these
terminals is to convert alternating-current (AC) power to direct-current (DC)
power--and vice versa--so that the high-voltage, direct-current (HVDC) trans-
mission 1ine can be connected to existing AC power systems.

The primary data source for the description of the proposed project is
the Applicant's Environmental Report, submitted to DOE as part of Dockets PP-76
and PP-77 from May to June 1982; hereafter this report shall be referenced as
the ER. Copies of the ER are available for public review in the public reading
rooms of libraries in St. Johnsbury, Vermont; Littleton, New Hampshire; and
Washington, DC.

Along the route of the proposed interconnection, data are compiled pri-
marily by town, which is a geographical and governing unit. Several of these
towns make up a county. A town may include several villages or population
concentrations. For example, the town of Concord includes the villages of
Concord, East Concord, North Concord, and Miles Pond. Towns are somewhat
analogous to townships in other regions. To avoid confusion and for the
purposes of this report, the term "town" will be used to indicate the larger
geographical and governing unit, as distinct from the population concentra-
tions, which will be referred to as "villages" or "communities".

2.1.1 Proposed Route

2.1.1.1 Corridor Route Selection

Selection of a route for the preferred corridor was carried out on the
basis of a regional overview (ER, Vol. 2 and 3). The regional study area
consisted of the three northeast counties of Vermont, known as the Northeast
Kingdom, and a small portion of Grafton County, New Hampshire (Figure 2.1).
The overview was designed to assess the feasibility of the proposed trans-
mission interconnection and to find a preferred study corridor and alterna-
tives for further consideration. Due to the need to avoid mountainous areas,
existing developments, areas with future development potential, and unique and
fragile environmental areas, a straight-line route is not feasible. The
purpose of the overview study was to select a route in which all these factors
were taken into consideration.

2-1
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Figure 2.1. Location of the VETCO Study Area.
Source: ER (Vol. 3--Exhibit 3-1).
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Environmental and Tand-use factors in the study area were evaluated with
regard to their impacts on a transmission corridor and, conversely, the impacts
that a transmission corridor would have on the natural and the man-made environ-
ment. After identifying opportunities and Timitations for a corridor location,
additional factors suggested by local municipal authorities, local planning and
zoning regulations, and cost and engineering criteria were incorporated into
the evaluation process. In addition, public opinion was considered through
procedures required by the states of Vermont and New Hampshire and through a
public scoping meeting conducted on March 10, 1982, by the U.S. Department of
Energy that was designed to solicit concerns and suggestions from property
owners, local residents, government agencies, and public interest groups. It
was determined that the preferred corridor should meet following criteria:

1. The corridor should avoid unique cultural and biological
resources.

2. The corridor should avoid primary recreation areas and
public-owned lands.

3. The terminal point should occur near the Comerford Station
where interconnection to NEPOOL is possible.

4. The pbint of entry should be Tocated in the eastern portion
of the town of Norton in order to connect to the Hydro-Quebec
portion of the interconnection.

5. Highway crossings should provide adequate visual screening.
6. The corridor should avoid prime agricultural lands.

7. The corridor should take advantage of existing logging
roads serving otherwise inaccessible areas.

8. The corridor should avoid elevations above 760 m (2500 ft).
9. The corridor should avoid slopes in excess of 25%.

Routing was subject to further scrutiny with regard to: (1) scenic
and visual classification in the corridor area, (2) floodplains, (3) lakes,
(4) floodway considerations, (5) wetlands, (6) wildlife habitats, and
(7) deeryard areas.

Final screening criteria in the route selection process included:
(1) minimum impact as a result of property severance, (2) avoidance of current
development and developing areas, (3) minimum disturbance on existing right-of-
way, (4) selection of areas of potential acquisition without acquisition of
buildings, and (5) consideration of project costs (structures, right-of-way,
and access roads).

The final preferred corridor was selected on the basis of information
derived from literature searches, field investigations, and local opinions
presented at public hearings. Upon evaluation, a corridor in the eastern part
of the study area was determined to be most compatible with the criteria set
forth and, as a result, was selected as the preferred corridor. A centerline
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was selected within the preferred corridor such that environmental concerns
were further avoided to the extent possible. This centerline is considered
the final Proposed Route (Figure 2.2). (Detailed maps of the Proposed Route
are presented in Appendix A.)

2.1.1.2 Description of the Proposed Route

The Proposed Route will begin at the U.S.-Canadian border in the eastern
portion of the town of Norton (Figures 2.2 and 2.3). The route will then
extend south across Route 114, passing through a low point east of Trophy
Mountain and west of Black Mountain. The route will then angle southeast to
avoid Yellow Bogs and the Nulhegan Deeryard. It will extend southwest of the
Potash Mountains and cross the Nulhegan River and Route 105, just east and
north of French Mountain. The route will continue southwest past North Notch
Mountain, Notch Mountain, and Notch Pond--avoiding the Wenlock Wildlife
Management Area. The route will then angle to the south just east of South
America Pond, and extend across the Paul Stream Basin into the town of Granby--
west of Unknown Pond and avoiding Ferdinand Bog.

The Proposed Route will continue south through Granby, east of Mud Pond
and Granby Village (Figure 2.3). It will avoid Victory Bog and Victory State
Forest by staying west of Temple Mountain and east of Miles Mountain. The
line will cross U.S. Route 2 east of Miles Pond, then extend south through
Carr Brook Basin and Roaring Brook Basin. It will reach the Connecticut River
west of the community of East Concord and parallel an existing right-of-way
toward Moore Dam in Waterford. There, the route will cross the Connecticut
River and enter the town of Littleton, New Hampshire, where it will join and
parallel an existing 230-kV transmission line in a southwesterly direction.
The route will extend into the town of Monroe, Grafton County, and continue
parallel to existing right-of-way, concluding by crossing over the 230-kV
lines and extending to its southern terminus at the site of the proposed
converter terminal.

2.1.2 Design Description

2.1.2.1 Design Specifications

Basic design parameters for the proposed transmission line are listed in
Table 2.1. Initial design studies indicate that the pole conductor will be a
three-bundle, aluminum and steel conductor with subconductors of approximately
50 mm (2 in.) nominal diameter. The subconductor spacing will probably be
between 460 to 760 mm (18 to 30 in.). The bundle will be installed in the
inverted triangle formation (i.e., apex down).

Spacing of electric poles (cénter to center of the positive and negative
poles or conductors) will vary somewhat with type of support structure, but
will be about 14 m (45 ft) (Figure 2.4).

The transmission line will be designed to meet the National Electric
Safety Code (NESC) specifications for heavy ice loading conditions (ice buildup
of 12.7-mm [0.5-in.] thickness and 0.2 kPa [4 1b/ft2] of wind pressure) and
extreme wind conditions (wind pressure of 0.6 kPa [13 1b/ft2]). In addition
to the NESC loading conditions, the transmission line will be designed to
withstand heavy icing (determined from a review of meteorclogical data) and
imbalancing due to ice buildup.




2-5

. — Québec

NORTON
NEWPORT HOLLAND

WARREN :
WARNERS GORE / :
GRANT AVERILL

TROY

ALBANY

o :
FERDINAND BRUNSWICK

SUTTON

EAST HAVEN

MAIDSTONE

SHEFFIELD
",
GREENSBORO

/' "~ .<§\:NEELOCK
HARDWICK JSTANNARD
N WALDON |

'\ VICTORY
KIRBY
CONCORD

\

LUNENBURG

JOMNSBURY

DANVILLE

/ PEACHAM

smmm Proposed
Route

)

GROTON RYEGATE
..... Study Area

N — . Boundary
Mon, SCALE
4/ 1 1
Cw s 16 km (10 mi)
9m

Figure 2.2. Location of the Proposed Route.
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2.3.

Transportation Routes and Communities Along the Proposed
Route.

Lettered segments are discussed in Section 3.6.2.
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Table 2.1. Proposed Transmission Line Data for the
New England/Hydro-Quebec Interconnection

Length of line 98 km (61 mi)

Voltage +450 kV DC

Configuration Bipolar, horizontal pole spacing
Capacity 2000 Mw

Conductor type Aluminum/steel

Conductor size 50 mm (2 in.) nominal diameter
Minimum clearance: conductor Not less than 11 m (36 ft)

to ground at mid-span

Lightning protection Twin extra high-strength galvanized
steel groundwires providing a
shielding angle to conductors of
not greater than 10°

Tangent structures H-frame

Heights of tangent structures 26-34 m (85-110 ft)
Average span length 274 m (700 ft)
Right-of-way width 61 m (200 ft)

Source: Applicant's comments on Draft EIS, Exhibit 6, July 11, 1983.

The conductors will be protected from lightning strikes by installation
of a buried counterpoise wire and two aerial groundwires, one above each
conductor bundle.

2.1.2.2 Support Structures

Support structures will be of two types: tangent and angle. Conductors
that extend in straight lines or shallow curves will be supported by tangent
structures. Where sharper turns in the line occur, angle structures will be
used to support the conductors.

VETCO and NEET currently propose to use tubular metal or prestressed
concrete H-frame tangent tower structures (Figure 2.4). Coloring will be
provided by use of natural weathering steel (CORTEN or similar) or a similar
color pigment if prestressed concrete is finally selected. Because both steel
and prestressed concrete can be engineered to have the required structural and
aesthetic characteristics, the final choice will be based on economics, avail-
ability, and costs of erection. Wood pole structures were considered and
rejected by the Applicant on the basis of mechanical strength limitations and
difficulty of transportation to the erection sites.

Angle structures will consist of two tubular poles fabricated of the same
material as the tangent structures and installed with or without guy wires
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Proposed H-Frame Tangent Structure for the +450-kV DC
New England/Hydro-Quebec Interconnection (1 foot =
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on last 9 km (5.5 mi) of interconnection. Source:
Vermont Electric Power Company (1981--Exhibit 5).
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according to the requirements of the particular angle structure location.
Specific requirements for guy wires may be dictated by aesthetic as well as
geological conditions (Figure 2.5).

2.1.2.3 Converter Terminal

At the converter terminal in Monroe, New Hampshire, a building will be
erected on a cleared, 9-ha (23-acre) terminal site for the purpose of housing
HVDC converter equipment (ER, Vol. 1). This building is expected to measure
approximately 110 m (350 ft) in length, 46 m (150 ft) in width, and 20 m
(65 ft) in height. It will be a metal building, with the color chosen to be
visually inconspicuous. Normally, the building will be unattended.

Also to be located on the terminal site--surrounding the building--will
be a switchyard containing electric power equipment and associated structures.
The highest structures in this switchyard will be for transmission line termina-
tions. These structures will be about 23-m (75-ft) tall. Electric conductor
and bus work in the switchyard will be of the modern, open-construction type.
A1l power equipment will be painted a visually inconspicuous color.

Communication to and from the terminal will be via a microwave system,
with the transmitter/receiver and antenna equipment adjacent to the terminal
building. The antenna tower will not exceed the proposed 23-m (75-ft) electric
termination structures in the terminal yard. The microwave system will connect
to the existing New England system and be extended via intermediate sites to
Canada. This will require the construction of a new repeater station at the
summit of Sheffield Heights, Sheffield, VT (Figure 2.3), which will affect an
area of less than 1 ha (2.5 acres). Two smaller, passive reflectors will be
placed southeast of Route 135 near the converter terminal. Other components
of the microwave system will use existing facilities.

The terminal will be connected to NEPOOL's existing AC power system at
the Comerford 230-kV switchyard located about 600 m (2000 ft) northwest of the
terminal site. The AC transmission line running from the terminal to this
switchyard will be placed on new right-of-way up to 61 m (200 ft) in width.

In addition, a remote ground electrode will be installed in order to
correct for current imbalances between the positive and negative halves of the
HVDC interconnection and to accommodate abnormal operating conditions (ER,

Vol. 1--Feb. 1983 Suppl.; Flynn 1983). The electrode will be designed to
carry 850 amperes for up to 15 minutes. Maximum voltage to ground at 850 amperes
is not expected to exceed 650 volts. The electrode is expected to be used for
abnormal operating conditions 10-15 times per year.

The ground electrode will be located on a 120-ha (300-acre) parcel of
land off Oregon Road in Lisbon, New Hampshire, about 18 km (11 mi) southwest
of the converter terminal. The proposed site is heavily wooded, and some
clearing will be required for the electrode array and its feeder line from the
converter terminal. The electrode array will occupy about 20 ha (50 acres),
which will be cleared of large trees and maintained in that condition.

The aboveground feeder 1line connecting the converter terminal to the
ground electrode will extend about 18 km (11 mi). For the first 9 km (5.5 mi)
of the route, a single conductor feeder 1ine will be mounted on the structures
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supporting the HVDC interconnection (Figure 2.4). For the remainder of the
route, the feeder will consist of one or two conductors supported by a single
wood pole structure, 9- to 10-m (30- to 35-ft) high, with an average span of
approximately 75 m (250 ft). After departing the interconnection route, the
feeder line will extend about 0.5 km (0.3 mi) along existing right-of-way.
The line will then extend 3 km (2 mi) either along existing right-of-way or
along new 9-m (30-ft) wide right-of-way. The remaining 5.3 km (3.3 mi) of
line will require new, 12-m (40-ft) wide right-of-way. Up to 10 ha (25 acres)
of forested right-of-way could require clearing for the feeder line.

NEET does not yet have a detailed diagram of its terminal but expects the
configuration to be approximately the same as that of Minnesota Power and
Light's Arrowhead Terminal (Figure 2.6), although dimensions will differ.

2.1.3 Construction Activities

2.1.3.1 Surveying Activities

Initial surveying activities for the transmisson line will locate the
centerline and edges of the right-of-way in relation to the boundaries of
properties to be crossed. After the final line route is selected and engi-
neered, the route centerline will be staked out. In addition to route loca-
tion, physical features and property data will be mapped at this time, allowing
refinements in tower location or profile, if necessary. Prior to construction,
final tower locations and other work areas will be determined. During construc-
tion, survey crews will monitor tower locations and transmission line alignment.

2.1.3.2 Right-of-Way Clearing and Maintenance Practices

Transmission line right-of-way will be cleared of trees (with shrubs
retained where possible) to facilitate (a) staking, access, assembly, and
erection of structures; (b) installation of conductors; and (c) maintenance.
This will also provide adequate electric clearances for energized lines.
Where the line does not parallel existing lines, a 61-m (200-ft) wide cleared
right-of-way will be required. Where existing lines are paralleled, new
right-of-way of only 46 m (150 ft) in width will be needed. Up to 18% of the
91-km (57-mi) route will parallel existing right-of-way. Approximately 460 ha
(1200 acres) in Vermont and 50 ha (110 acres) in New Hampshire will be within
new right-of-way. About 90% of this area will require clearing.

Other than those areas chosen for selective clearing and other special
landscaping techniques, the right-of-way will be cleared according to the
Applicant's standard procedures (ER, Vol. 2--Secs. I.C.3 and VI.C; ER, Vol. 3--
App. A; Vt. Elec. Power Co. 1982). The right-of-way will be maintained in
order to ensure the safety and integrity of the transmission line. Salient
points of the Applicant's program include:

Use of best available technology
Use of an environmentally sound approach

Compliance with state and federal laws and regulations
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Application of herbicides only when there is no danger of wind
drift off the right-of-way or into areas of rare plants

No application of herbicides within 15 m (50 ft) of streams or
in areas used for agriculture

Some sections will have already been cleared by the current land owner
prior to construction. All remaining areas will be cleared under contract.
The contracts will provide that cut wood be sold unless other disposition has
been agreed upon by the owner. VETCO will dispose of the material onsite if
they determine that removing the product will cause environmental damage.

2.1.3.3 Access Road Construction

Existing roads will be used to the extent possible, although it is antici-
pated that some of these roads will need upgrading--e.g., alignment improve-
ment, grading, widening, and reinforcing of structures. Some new access roads
will be required both within the right-of-way and from existing roads to the
right-of-way. The number and location of these new roads has not been
determined.

Construction staging areas along the route will be selected, to the
extent possible, at existing cleared areas. To control erosion at these
areas, state-of-the-art construction techniques wili be used in grading.

2.1.3.4 Support Tower Installation

The installation of tower foundations will vary with the local surface
geology (ER, Vol. 3). For areas overlain with soil and glacial deposits,
excavation may be accomplished with earth augers or backhoes. Areas with very
dense glacial till and bedrock will most likely be excavated by means of
drilling and blasting. Less than 10% of the route is expected to require the
latter excavation (Klunder Assoc. 1981). For direct-burial type of structures,
a support pole will be placed in the excavation hole and backfilled with
excavated material or crushed stone that is tamped in place. For structures
requiring concrete foundations, such as angle structures, reinforcing bars and
anchor bolts will be set and concrete then placed into the hole and allowed to
cure. Once curing is complete, the hole will be backfilled as needed and the
support pole mounted on the foundation.

For each tangent structure, it is anticipated that two holes 0.6 to 1.0 m
(2 to 3 ft) in diameter will be excavated to a depth of 3.0 to 3.6 m (10 to
12 ft). The average spacing of structures will be approximately 210 m (700 ft).
Tubular-steel angle structures will require two excavations per structure for
concrete foundations that will be approximately 2 m (6 ft) in diameter and 4.5
to 6.0 m (15 to 20 ft) deep, depending on soil conditions. It is anticipated
that less than 15% of the structures will be of the angle type.

2.1.3.5 Framing and Stringing

Framing (assembly) operations will be carried out at the same time as
structure installation. The crossarms will be hoisted into position, complete
with the insulator strings, by means of ropes pulled by a vehicle and attached
to the structural poles by land. The crossbraces will also be raised in the
same manner. ’
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Conductors will be strung for the line using either slack-stringing or
tension-stringing methods (ER, Vol. 3). Generally, crews will operate over a
distance of about 8 km (5 mi) at a time. Insulators and stringing blocks will
be either hung from the structures while they are being erected or installed
separately just prior to the stringing operation.

2.1.3.6 Converter Terminal

Construction will involve the following activities: (1) site preparation,
(2) foundation work, (3) erection of building and structures, (4) installation
of power equipment, and (5) testing and commissioning.

Site preparation will include surveying, clearing, and grading the termi-
nal site. The site will then be covered with crushed rock to prevent refolia-
tion, and fenced. Existing trees will be left standing on three sides of the
site for natural screening. Additional landscaping will be conducted--if
appropriate--on the fourth side of the site, which abuts the private (paved)
access road of the New England Power Company. In total, the terminal will
occupy a graded and fenced area not to exceed 300 x 300 m (1000 x 1000 ft)
(approximately 9 ha or 23 acres). In addition, approximately 4 ha (9 acres)
of new right-of-way ‘will be used to connect the converter terminal to the
Comerford Station, and up to 10 ha (25 acres) of new right-of-way will be used
to connect with the ground electrode. The ground electrode itself will require
disturbance of about 20 ha (50 acres) of ground surface.

Foundation work will include forming and pouring foundations for the
terminal's building and switchyard structures. These activities will require
concrete and other building materials to be trucked in from offsite.
2.1.3.7 Schedule

The preliminary project schedule is presented in Figure 2.7.

2.2 ALTERNATIVE ROUTES FOR THE INTERCONNECTION

2.2.1 Vermont Options

Alternative corridors were selected on the basis of the regional overview
summarized in Section 2.1.1. Based on these considerations, the Applicant's
analysis initially identified three study-corridor concepts. Each corridor
concept contained a series of about 1.6-km (1.0-mi) wide segments (numbered
from 1 to 28 in Figure 2.8). These corridor concepts were then evaluated
against more detailed standards and criteria for transmission corridor locations
and tested against technical and engineering criteria.

The three primary corridor options studied included: (I) the Central
Spine Corridor, (II) the Interface Corridor, and (III) the Essex Mountains
Corridor (see Figure 2.8 and Table 2.2). Although these three corridors each
contain several routing possibilities, each is sufficiently different from the
others in location and character to have its own identity. A variant of the
Essex Mountains Corridor was determined to follow the optimal route and is
considered to be the preferred corridor (Section 2.1.1).
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Table 2.2. Approximate Length of Vermont Corridor Options,
Canadian Border to Converter Terminal

Segmentst! Approximate
Corridor Option in Vermont Length
Central Spine Corridor 1,6,15,22 99 km (62 mi)
Interface Corridor 2,8,9,13,16,19,22 94 km (59 mi)
Essex Mountains Corridor 28,26,14,24,23 91 km (57 mi)

t1 See Figure 2.8.
Source: ER (Vol. 3).

The Central Spine Corridor would generally follow the route of

U.S. Interstate 91 (Figure 2.3). The route would begin at the Canadian border
in the middle of the town of Derby (Figure 2.8). The corridor would extend
generally southward through the towns of Brownington and Barton in Orleans
County. After extending into the town of Sheffield, Caledonia County, the
corridor would extend southeastward through the town of Sutton into Lyndon.
Northeast of Lyndonville (Figure 2.3), the corridor would again extend south-
ward into the town of St. Johnsbury, crossing the route of U.S. Interstate 93,
now under construction. East of the community of St. Johnsbury, the corridor
would shift to the southeast and extend through the town of Waterford to Moore
Dam where it would join the New Hampshire segment of the Proposed Route.

The Interface Corridor would begin in the eastern portion of the town of
Holland (Figure 2.8). Thence, it would extend in a generally southernly
direction, passing east of the community of Island Pond (Figure 2.3). The
corridor would extend through the towns of Warners Grant, Morgan, Charleston,
Brighton, Westmore, Newark, Burke, and Lyndon. Northeast of Lyndonville
(Figure 2.3), the corridor would shift eastward away from a junction with the
Central Spine Corridor and extend southward through the towns of Kirby and
Concord. The route would join the Central Spine Corridor in the town of
St. Johnsbury, east of the community of St. Johnsbury.

2.2.2 New Hampshire Option

A fourth alternative corridor for the proposed interconnection would pass
through the westernmost towns in New Hampshire, from Pittsburg to Monroe, and
cross into Canada in the vicinity of Tabor Notch (Figure 2.9). This 130-km
(80-mi) route was under consideration as a separate application by NEET for a
Presidential Permit (ER, Vol. 2). That application has since been withdrawn.

The New Hampshire alternative (Figure 2.9) would enter the United States
at a location 2.0 km (1.25 mi) northwest of Tabor Notch, New Hampshire. It
would extend along new right-of-way in a southeasterly direction through the
towns of Pittsburg, Clarksville, Stewartstown, Colebrook, Columbia, Odell, and
Stratford in Coos County. The route would then extend to the southeast on new
right-of-way and parallel existing 115-kV transmission line right-of-way
through the town of Stark, Coos County. The route would diverge from existing
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Source: Modified from ER (Vol. 2--
Exhibit 2-9).
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right-of-way and traverse a portion of the town of Northumberland in a south-
westerly direction. It would rejoin an existing 115-kV transmission line and
extend south through Northumberland, Lancaster, and Whitefield. At a point
east of Weed Pond, the route would diverge from existing right-of-way and
traverse Whitefield and Dalton on new right-of-way extending southwesterly.
After crossing the Johns River in Dalton, this alternative route would parallel
another existing 115-kV transmission 1ine over Dalton Mountain to the
Connecticut River. The route would cross over the 115-kV line at the river
and then traverse Dalton on new right-of-way in a southwesterly direction.
Paralleling the Connecticut River, the route would cross the town of Littleton,
Grafton County, on new right-of-way. At the end of this segment, it would
span two portions of Moore Reservoir. This alternative route would parallel
existing 115-kV line near the Littleton Substation and then turn northwesterly
to proceed on new right-of-way, meeting the final 11 km (6.8 mi) of the
Proposed Route near Moore Dam.

2.2.3 Comparison of Proposed Route and Alternative Routes

A11 of the rou